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SUMMARY OF PEREFORMANCE TESTS OF TWO
i SIDE INLET, STEAM-TO-AIR JET PUMES

SUMHARY

Two types of side-inlet, Jet-pump nmixing tubes, cvlindri-
! cal and tapered, have been tested tc dotermine tnelr operating

! characteristics. The puups were testied under various conditione
of pressure ratlo, priaary total pressure, secondary flow
guldence at the side-inlet, and suction slot air-flow
distribution.

The results of these tests showed the relative
! importance of factors most influential in the performance
of the side-inlet Jjet pump. 1In general the tapered inixing
tube was superior to the cylindrical mixing tube, since it

produced better flow distribution, higher pressure ratios,
and larger mass ratlos.
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INTAODIICTION

Generally the Jet-pummp takes the form of a central jet
discharging axially into a tapered or cyiindrical mizing tubhe,
The secondary air 1s drawn in around the discharging jet, 1is
entrained by the Jet, and the ewnsuing wmixture is ejected fromn
the downstream end of the wmixing tube. . Such a configuraticn,
because of 1ts geometry, 1s not easily used as the punping unit
for a suction-blcewing system of airplane wing circulation
control. The seci ndary air that is drawn in immediately forward
| of a suction {lap, must be cconverged to the inlet shape of the
mixing tube. If the mixing tube 1s placed in the ajirplane with
1ts axis spanwlse, ac 18 usually the case, the secondary air
suffers large turning losses. Also, the unecual dlistances from
the slot to mixing tube entrunce causes unecual distribution of
duct lcsses with subsequent unequal slot flow distribution.
Choking devices in the slot or duct are tnen required to give
slot air-flow distribution anua are accompanied by additional
losses. The following sketch is a typical instaliation-

_lMixing dcene

- Nozzle
e ey T
| Blowirng Tube TR —:;742::ﬁ&‘ Primary

————

VAN .
(//;; Seéondarf Air\ x ‘ 1

As a develcpumental step toward the particular application
of a Jot pump into a wing circulation-control system, it was
concelved that distributed svcticn along the mixing tube would
eliminate several of the above-mcntioned loss factors. This
was contingent on obltuining satisfactory pump efflclency and
suction-clet flow distribution.

a short transmission duct of cCouustant chordwise length
was used to cowinscl tne mixing tube and the constant-width
suctlor slot. The secondary alr was turned charough a maximum
of 90 degrees 1ir the silde inlet of the aixing tube. This
arrangement 1s deplicted by figures 1 and 2 for the cylindrical
i and tapered mixing tTuves,
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A slde-inlet csteam-to-alr jei pump with an inboard nozzle
. based upon the above described confipuration was the subject

.J\J\J\l
cf this investigation. Tests were performed to determine com-

parative performance characteristics with variosus operating
. conditions.
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This report is a summary of the test data presented
in two previous reports, references 2 and 3. The design,
construction and tests of the jet pumps were performed by
the University of Wichita, School of Engineering under the
authority of Contract N-onr 201(0l) from the Air Eranch of
the Office of Naval Research.

| SYMLOLS

‘ D diameter of mixiung tube or orifice, inches

i 8 p mass, slugs/ft2
| q dynamic pressure, lbs/ft2

' Q volumetric flow rate, ft3/sec

% r power, ft-lh/sec

% Pt tctal pressure, lbs/ft2
| v velocity, ft/sec
I b W welght flow rate, lbs/sec

4
; %f a pressure ratic = pt3/pto
% gl w nass ratio = ws/wj
: ﬁ" v efficiency = Pogr/Pin
l g. Subscripts
R g: 0 free streaw or awbient condition

| . 1 suction slot vouditicn
} éé 2 mixing-tube-entrance thrcut condition
i % 3 mixing-tube exit condition
i %ﬁ AR avallable ernergy
i‘ %i J primary or Jet flow
=
; %
l A
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s secondary flow

mn mixture of primary and secondary flow

X axlal position frowm the inboard end of mixing tube
in input

eff effective

APPARATUS, TESTS, AND PERFORMANCE ANALYSIS

Tests of the Jjet-pump mixing tubes were fully described
in references 2 and 3. The two,slide-inlet Jet pumps iested are
shown in figures 1 through 4.

The Jjet-pump pseriormance parauneters, detailed in
references 1 and 2, are presented in suwumnary below:

The approximat. total-pressure losses in the suction duct
were determined from the relation

Opy = Pty - Ptz = Ptg —[fpto + pz) + lOng}

2
2
= D2 - -:L PaVa.
b2 5 P2%a
These losses were reduced L0 a dimensionless value for com-

parative purposes as the ratio of the totgl—pressure loss
to the average, throat dynamic pressure,

Z
The efficiency was determined from the ratio of effective

power output to power input
_ Porr _ 9s(Pt3 - pty1) + Qi(pty - Pry)

!
Pin W 36hd
™e mass ratio was expressed by the welght-flow ratio
Wg
H= e
¥y J
Jet-punp pressure ratio was defined as the ratio
e Pt3 ‘
Pt

The avallable energy effliclency at any point in the mixing
tube was the ratio of the local avallable energy of the
mixture to the avallable encrgy of the primary flow at the
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Figures 5 through 7 show the coamparative performance
on the cylindrical and tapered mixing tubes. The perforwmance
of the tapered mixing tube 1s shown both with and without
control of the suction~-slot air-flow distribution. The
performannce peak for the tapered mixing tuhe with air-flow
distribution was governed by the maximum throat opening size
S cf the model. By properly matching the throat area with the
pressure ratio this performuance peak should approach that

without flow distribution, since the peak was caused by the

o

increused throttling losses required for distribution.

Figure 85 shows the cowparison of available-energy
distribution between the cylindrical and tapered mixing
% tubes. Ideally, avallable energy should exist as far along
: the wixing tube as the secondary flow side inlet.

The suction-duct losses for tne two mixing tubes
£ are snown in figure 9. The lncrease of pressure 1oss &S
the secondary flow became less was a result of flow dis-
continuities in the suction duct. These discontinuities
in the form of turbulence, reverse flow, cross tflow, and
vortices produced losses "hivh reduced 1“9 amount of
puniped secondary quantity. The losses for the tapered-
mixing-tube inlet witn smwooth flow were small and consicted
primarily of the inlet and frictlional iosses in the suction
auct.
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Figures 10 and 11 show the effect of mixing-tube

= snape on the optimum suction-slot, ailr-flcow distribution
2 and the slot-widti variation thdt was required to obtaln
|4 the desirea distribution. The accompanying effects of
%a the mixing tube ghape or the throat static pressure

\

distribution is shown in fighwer Lz, Fiwg;e ii anov e
two mixing~tubes throat widths that produced the distri-
bution of secondary alr-flow shown in figure 10,

The mixing tube static pressure distributions are
gnown in figure 14, The curve for the cylindrical mixing
tube shows that the puanping power existed primarily in
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the 1inboard area while the tapered mixing tube had pumping pover
distributed throughout the length of the mwixing tube. Tnc peak

of the static pressure for the tapered mixing tube was a result

of high local losses in the entrance throat configuration reguir-~d
for slot air-flow distribution. Ideally, thls static pressure
distribution should he constant throughout the mixing tube to

nave the most efficient mixking and the most satisfactory suction-
slot flow.

Figure 15 shows the total pressure profiles of the
mixing flow at the end of the mixing tube. In both the c¢ylindri-
cal and ilupered mixing tubes the flow was mixed in this region.

CONCLUSIONS

The experimental analyeis of two side-inlet, steam-to-
g2ir jet punps has provided data for a comparative evaluation.
This evaluation showed that the pump with a tapered mixing
tube had a uiuch superior performance to the puwp with a
cylindrical wixing tube. The tapered uixing tube gsve beile
control of the priwmary Jjet diffusion which resulted in
iwproved pumping efficiency at higher pressure ratios and
in easler control of the suctlon-slot air flow distribution,

inboard nozzle the following influential factors were found
luwportant to luproved performance.

1. Constant static pressure along the side-inlet
mixing tube,

2, Constant slot width.
3. cvonstant tnroct width.
L. Constant area suction duct.

5. vascade for *urning the ailr into the side-inliet
inlxing tube.
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Figure 3.+ Side<inlet-jal ‘pa w1ttt sviindrical mixing tube.
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